INTRODUCTION
Wilson disease is a very rare autosomal recessive inherited disorder of copper homeostasis affecting 1:50,000 to 1:100,000 individuals. 1 It is characterized by excess copper deposition due to a mutation in ATP7B on chromosome 13q14. The P-type adenosine triphosphatase is necessary for the export of copper from the hepatocyte. Thus, mutations in ATP7B lead to impaired biliary excretion and ceruloplasmin incorporation causing copper accumulation mainly in the liver and brain resulting in liver cirrhosis and nervous system manifestations, such as movement disorders and ataxia. 2 Untreated Wilson disease results in oligomenorrhea, irregular menses, subfertility, and spontaneous miscarriage. This is probably due to hepatic dysfunction causing reversible hormonal changes. Free intrauterine copper derived from nonceruloplasmin-bound copper is excess in these patients. Also, diffusion of nonceruloplasminbound copper from plasma into tissues may affect ovarian follicular aromatase activity. 3 Patients with Wilson disease who receive regular treatment and who remain asymptomatic and conceive normally have favorable pregnancy outcomes. We reported five cases of successful pregnancy outcomes in women with Wilson disease.
CASe RepORTS

Case 1
A 24-year-old primigravida presented to our antenatal clinic during the first trimester. She was diagnosed with Wilson disease (neuro and hepatic type) 1 year back when she was evaluated for ascites and tremors of upper limb (right > left). The diagnosis was confirmed using 24-hour urinary copper levels and a dense broad Kayser-Fleischer ring (KF ring) on slit-lamp examination. She was started on T. penicillamine 250 mg OD, zinc 50 mg TID, and trihexyphenidyl hydrochloride 2 mg TID, which was continued throughout pregnancy. Her younger sister was diagnosed with Wilson disease at screening. The patient conceived spontaneously and was on regular follow-up. An anomaly scan revealed no congenital anomalies. She was admitted at 33 weeks of gestation for evaluation of splenomegaly and portal hypertension, for which gastroenterology opinion was sought and was put on spironolactone and furosemide. During the admission, patient developed epistaxis, was found to have pancytopenia, and received 2 pint packed cell transfusion. The patient JSAFOG was under close surveillance throughout her pregnancy. At 38 + 3 weeks, she had premature rupture of membranes (PROM) which spontaneously progressed and delivered vaginally a healthy girl baby of 2.5 kg with good APGAR scores. Four pint platelets were transfused when patient was in active labor as she had thrombocytopenia (platelet count 55,000/µL). Postpartum period was uneventful. She was followed up for the next 4 years. She developed symptomatic cholelithiasis, for which she underwent cholecystectomy 1 year after delivery. The baby was also followed up and has normal developmental milestones and cognitive development till date.
Case 2
A 22-year-old lady with previous two first trimester abortions presented to our antenatal clinic in the second trimester for regular antenatal follow-up. She was diagnosed with Wilson disease at the age of 17 years when she had chronic liver disease. She had an upper gastrointestinal bleed at 19 years of age and had undergone endoscopic variceal ligation. She developed postabortal psychosis and was put on quetiapine OD and haloperidol OD, which she continued throughout pregnancy. She was on penicillamine 250 mg 1-0-1, zinc 50 mg TID, trihexyphenidyl 1-0-1, and pyridoxine hydrochloride 1-0-0. She presented to us at 37 weeks with PROM. She had moderate anemia and received 2 pint packed cells in labor. She underwent emergency cesarean delivery for fetal distress and delivered a healthy boy baby of 2.3 kg with good APGAR scores. Intra-op, she received 4 platelets as the platelet count was only 60,000/µL. Postnatally, the patient had hematemesis and was diagnosed with upper gastrointestinal bleed and was shifted to intensive care unit (ICU) where she received bowel wash Q12H and somatostatin infusion for 48 hours. The patient eventually recovered and was discharged.
Case 3
A 19-year-old lady with a prior history of a missed abortion presented to our antenatal clinic at the end of second trimester for follow-up. She was diagnosed with Wilson disease at the age of 11 years on screening when her younger brother succumbed to Wilson disease. She was started on penicillamine 250 mg OD. She conceived spontaneously and was asymptomatic at the time of presentation. T. penicillamine was continued at 250 mg OD. She had an anomaly scan that showed no gross congenital anomalies. She was admitted at 29 weeks with leptospirosis and was treated with ceftriaxone injection for 7 days. She had respiratory tract infection at 32 weeks. At 34 weeks, the patient had preterm vaginal delivery and delivered a healthy boy baby of 2.02 kg with good APGAR scores. Four pint platelets were transfused in active labor as her platelet count was only 40,000/µL. The postpartum period was uneventful.
Case 4
A 28-year-old lady with an obstetric score of G3P1L0A1 presented at 36 weeks with decreased fetal movements. She was diagnosed with Wilson disease at 20 years of age when she was being evaluated for tremors. The patient was asymptomatic during her first pregnancy and underwent emergency cesarean delivery for nonprogress of labor, but baby expired after 5 months due to aspiration. The second was a missed abortion. In the present pregnancy, she was asymptomatic at the time of presentation. She was on T. penicillamine 250 mg BD, pyridoxine 40 mg BD, and zinc 100 mg TID, which she continued. The dose of penicillamine was reduced to 250 mg OD in the third trimester. Fetal monitoring was done at presentation and was found to be normal. She delivered a healthy girl baby of 3 kg with good APGAR scores at 38 weeks by elective cesarean and received 4 pint platelets as her platelet count was 54,000/µL and was discharged on the 5th postoperative day. During follow-up, penicillamine dose was increased to 250 mg BD.
Case 5
A 22-year-old lady with one previous abortion presented to us at 36 weeks of gestation in active labor. She was diagnosed with Wilson disease at 19 years of age when she developed splenomegaly and ascites. She was started on T. penicillamine 250 mg OD and zinc 50 mg TID, which she continued throughout her pregnancy. She delivered a healthy boy baby of 2.3 kg with good APGAR scores. The postnatal period was uneventful. She was continued on the same dose of medications and discharged.
DISCUSSION
Wilson disease is a rare autosomal recessive disorder involving a mutation in ATP7B gene, which is located on chromosome 13. Copper is essential for many cellular functions but free copper can produce irreversible cell damage. The ill-effects of free copper are prevented by ensuring the binding of free copper with ATP7B protein and ceruloplasmin. The ATP7B gene resides in the trans-Golgi network in hepatocytes. It mediates the incorporation of six copper molecules into apoceruloplasmin forming ceruloplasmin. 4 The ATP7B is also redistributed to cytoplasmic vesicles where it transports excess copper across the hepatocyte apical membrane and gets excreted in bile. It also helps in transport of copper to the intended site and safe elimination of excess copper through biliary system. Mutation in ATP7B gene results in a defective protein that cannot help in transport of copper resulting in accumulation in hepatocytes. Hence, patients with this disease have ceruloplasmin deficiency. But, this alone is not diagnostic of Wilson disease as 5 to 15% patients may have normal or slightly reduced ceruloplasmin and 10 to 20% heterozygotes who are clinically asymptomatic have reduced ceruloplasmin. 5, 6 Although the basic defect of Wilson disease lies in the hepatobiliary system, the consequences of copper accumulation occur in a multisystemic fashion including brain, kidneys, and eyes. 3 Accumulation of excess copper can adversely affect these tissues and can cause a spectrum of illness including cirrhosis, dyskinesias and tremors, KF ring around limbus, and renal tubular damage. 5 Wilson disease may also lead to menstrual irregularities, which may be due to hepatotoxicity or copper accumulation in the uterus. 7, 8 Wilson disease may result in infertility, but all the patients in our study conceived spontaneously. 9 Wilson disease in pregnancy has varied presentations and in our study, all patients had successful pregnancy outcomes.
The average age of patients for the onset of Wilson disease in our study is 11 to 23 years (Graph 1). The average age at which individuals conceived with Wilson disease in our study was 18 years compared with Ayesha's study, which was 22 years. 1 Four out of five patients in our study had at least one first trimester abortion as compared with Ayesha et al's study, which had two abortions. In untreated Wilson disease, excess copper can accumulate in the uterus leading to recurrent miscarriage. 1 This is similar to the contraceptive effects of copper-containing intrauterine devices, which act by causing deposition of copper in the endometrium leading to excess copper ions. 10 It is believed that increased copper deposition in uterus prevents implantation of the fetus as free intrauterine copper derived from nonceruloplasmin-bound copper is excess in these patients. Other mechanisms like chronic liver disease, endocrine disorders, and anemia can also be a contributory cause. 11 Our findings fully support the conclusions reached by Gibbs K and Walshe et al in their study, 3 that if the patients have been adequately "decoppered" at the time of conception and those patients who continue penicillamine throughout pregnancy have successful pregnancy outcome. 3 After diagnosis, patients with Wilson disease should be treated for life. The accumulated copper must be removed using chelating agents. Therapy for Wilson disease includes D-penicillamine, trientine, zinc salts, and ammonium tetrathiomolybdate which are classified as pregnancy category C by the Food and Drug Administration. D-penicillamine acts by mobilizing tissue copper and increasing copper excretion in urine. Penicillamine produces a variety of adverse effects like acute sensitivity reactions with skin rash, fever, eosinophilia, thrombocytopenia, leukopenia, and lymphadenopathy in 20 to 30% of patients. 12, 13 The dose of penicillamine should be reduced to 250 mg/day, 1 to 6 weeks prior to cesarean delivery in order to prevent delayed wound healing. 5,6 There have been some reported congenital malformations with use of D-penicillamine including fragile blood vessels, collagen vascular disease, low-set ears, and micrognathia. 3 There was no evidence of teratogenicity in all our five patients treated with D-penicillamine. Case 1 was followed up for 4 years and the baby is normal till date. Even in Walshe study, there was no teratogenicity noted.
Trientine is a copper chelating agent with a mechanism of action similar to penicillamine, which is used as an alternative when patients develop an allergic reaction to penicillamine. It should be taken on an empty stomach and the usual daily dose is 750 to 2000 mg in three divided doses. 6 This is a very effective alternative and no adverse fetomaternal outcomes have been reported. 14, 15 The use of zinc in the treatment of Wilson disease has gradually assumed an increasingly important role. 16 Zinc acts by interfering with the absorption of copper from the gastrointestinal tract via induction of metallothionein formation in intestinal enterocytes. 2,17 This prevents the serosal transfer of copper into blood. 18 In our case series, 4 out of 5 patients were treated with zinc sulfate and no congenital anomaly has been reported (Graph 2). Brewer 6 reported that 24 out of 26 patients had a normal infant with the use of zinc sulfate, one infant had a congenital heart defect, and one had microcephaly. The usual dosage regimen is 50 mg of elemental zinc three times daily (zinc sulfate tablets contain 220 mg zinc sulfate equivalent to 50 mg of elemental zinc). 2 In 40 to 50% of individuals with Wilson disease, hepatic dysfunction is the initial clinical manifestation, 6, 12 Graph 1: Mean age at diagnosis of Wilson disease JSAFOG similar to our study where 60% patients were diagnosed with hepatic disease.
Malik et al 1 reported the incidence of preeclampsia in 3 out of 4 patients. It may be hypothesized that this may be due to underlying disease or is related to anticopper therapy used during pregnancy. 21 There was no preeclampsia in our study.
These patients are also at risk of placental abruption and thrombocytopenia and deranged coagulation. 19, 20 Thrombocytopenia was seen in 4 out of 5 patients in our study. This might be due to drug-induced toxicity. 3 Continuous penicillamine intake can lead to mild or moderate thrombocytopenia. In Malik et al's study, two out of four cases had thrombocytopenia. All patients were on penicillamine therapy. These major findings of our study are compared with Ayesha Malik et al study 1 and Walshe et al study, 3 presented in Table 1 . Fetal growth restriction was noted in a study by Bhattacharyya et al. 21 The sudden omission of chelating agents in the antenatal period by the mother may be from apprehension of fetal affection or due to severe gastric irritation. Failure to comply with therapy has led to the significant progression of liver disease and liver failure in 1 to 12 months following discontinuation of treatment, resulting in death or necessitating liver transplantation. 22 Intense counseling in the preconceptional period and stringent surveillance can avoid such a situation.
As Wilson disease is an autosomal recessive disorder, the baby remains a carrier. If the father is by chance heterozygous, the chance of fetus getting affected is 50%. 22 When the parental status is not known, newborn screening is needed by measurement of ceruloplasmin level in Guthrie dried blood spots. 23 But a negative blood or urine screening of a newborn does not entirely rule out the disease process and repeat screening should be advised at 2 to 5 years of age. 22 It is important to note that merely copper chelation therapy does not necessarily assure a favorable pregnancy outcome. Preexisting poor hepatic and renal profile or severe neuropsychiatric illness must be taken into consideration as even a well-chelated pregnancy can turn complicated. 21
CONCLUSION
Untreated Wilson disease can lead to many complications and most may have difficulty in conception. Diagnosis and regular antenatal surveillance by a multidisciplinary team result in successful maternal and perinatal outcome. Penicillamine has been effective and found to be safe in treating Wilson disease in our study, but further studies are required. 
